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Abstract 
Background: Enteric parasites are transmitted in households but few studies have sampled inside households for 
parasites and none have used sensitive molecular methods.
Methods: We collected bed and living room dust samples from households of children participating in a clinical 
trial of anthelmintic treatment in rural coastal Ecuador. Dust was examined for presence of DNA specific for 11 enteric 
parasites (Ascaris lumbricoides, Trichuris trichiura, Ancylostoma duodenale, Necator americanus, Strongyloides stercoralis, 
Toxocara canis and T. cati, Giardia lamblia, Blastocystis hominis, Cryptosporidium spp., and Entamoeba histolytica) by 
quantitative PCR (qPCR).
Results: Of the 38 households sampled, 37 had positive dust for at least one parasite and up to 8 parasites were 
detected in single samples. Positivity was greatest for B. hominis (79% of household samples) indicating a high level of 
environmental fecal contamination. Dust positivity rates for individual pathogens were: S. stercoralis (52%), A. lumbri-
coides (39%), G. lamblia (39%), Toxocara spp. (42%), hookworm (18%) and T. trichiura (8%). DNA for Cryptosporidium 
spp. and E. histolytica was not detected. Bed dust was more frequently positive than floor samples for all parasites 
detected. Positivity for A. lumbricoides DNA in bed (adjusted OR: 10.0, 95% CI: 2.0–50.1) but not floor dust (adjusted OR: 
3.6, 95% CI: 0.3–37.9) was significantly associated with active infections in children.
Conclusions: To our knowledge, this is the first use of qPCR on environmental samples to detect a wide range of 
enteric pathogen DNA. Our results indicate widespread contamination of households with parasite DNA and raise the 
possibility that beds, under conditions of overcrowding in a humid tropical setting, may be a source of transmission. 
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Background
Intestinal parasite infections are estimated to infect 
more than a billion humans worldwide and are a major 
cause of morbidity, especially in children living in con-
ditions of poverty in low- and middle-income countries 
[1]. Common intestinal parasitic infections of childhood 
include protozoans (e.g. Giardia lamblia) and soil-trans-
mitted helminths (e.g. Ascaris lumbricoides). Transmis-
sion of intestinal parasites is generally by ingestion or 
skin contact with infectious parasite stages.
Parasite transmission is considered to occur through 
contacts with contaminated soil, food and drinking 
water. Although avoidance of such contacts (e.g. wear-
ing of shoes, access to clean water and sanitation, hand 
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washing after defecation, cleaning of foods, and avoid-
ance of wastewater) [2–4] is considered sufficient to 
prevent transmission of these infections, studies system-
atically implementing such strategies (e.g. WASH) have 
had mixed success [5].
Previous studies have sampled for presence of infec-
tious parasite stages as sources of transmission around 
households including latrines [6, 7] and within houses 
[8–10] but none to our knowledge have used sensitive 
molecular methods to detect specific parasite DNA.
In the present analysis, we analyzed living room floor 
and bed dust samples for the presence of parasite DNA 
for a range of fecally-transmitted protozoan and hel-
minth infections to explore the potential for parasite 
transmission within households in coastal Ecuador. Our 
data raise the possibility that, under conditions of over-
crowding and poor hygiene, intestinal parasitic infections 
are transmitted through contamination of beds and living 
room floors with human and animal feces.
Methods
Dust samples were collected from households of chil-
dren participating in a cluster-randomized trial com-
paring bimonthly albendazole (400  mg single dose) 
with no treatment over a period of 12  months [11]. 
The trial was done in tropical and sub-tropical com-
munities in Pichincha Province, Ecuador. Sampling 
was quasi-random at 12  months of follow-up. Dust 
samples were collected by aspiration from the child’s 
mattress and the living room floor using an Electrolux 
vacuum cleaner (1200W) with dust collectors and dis-
posable nylon filters (Indoor Biotech, Charlottesville, 
VA, USA). Between uses, dust collectors were soaked in 
acid detergent (2%  Citranox, Sigma-Aldrich, St Louis, 
USA) for 2  h before thorough rinsing with tap water 
and air-drying. Living room floors and the 4 corners of 
the child’s mattress were aspirated for 2 min (~ 0.5 m2 
area). Dust samples were collected in ziplock bags and 
stored at − 20  °C until analysis. Dust samples were 
weighed and re-suspended in 35.6% w/w sodium nitrate 
in water (Alfa Aesar, Heysham, UK) and centrifuged at 
1500×g for 5 min. Supernatants were filtered through 
a 3.0 µm SSWP membrane (Millipore, Tullagreen, Ire-
land) and membranes processed using FastDNA SPIN 
Kit for Soil (MP Biomedicals, Santa Ana, California, 
USA) with a heating step of 90 °C for 10 min. Environ-
mental DNA was analyzed by the multi-parallel quan-
titative polymerase chain reaction (qPCR) as described 
[12–14] to detect parasite-specific DNA for 11 para-
sites (Ascaris lumbricoides, Trichuris trichiura, Ancy-
lostoma duodenale, Necator americanus, Strongyloides 
stercoralis, Toxocara canis and T. cati, Giardia lam-
blia, Blastocystis hominis, Cryptosporidium spp., and 
Entamoeba histolytica). Blastocystis hominis, a species 
of debatable pathogenicity in humans [15], is a ubiq-
uitous enteric parasite in this population [16] and was 
included as a marker for fecal contamination of envi-
ronmental samples. Data from microscopic examina-
tion of stool samples by Kato-Katz were available from 
children at 3 time points during the study (before the 
start and at 6 and 12  months of follow-up) [11]. Data 
on potential confounders were collected by maternal 
questionnaire. Frequencies were compared using Chi-
square or Fisher’s exact tests (independent groups) or 
McNemarʼs test (paired groups). Associations were 
assessed using Spearmanʼs rank correlation coefficients 
and measures of effect were estimated using multivari-
able logistic regression with adjustment for age, sex and 
household crowding.
Results
Seventy-five paired dust samples were collected from 
the houses of 38 children (1 living room floor sample 
missing). The mean age of the children was 9.7  years 
(range 7–14 years), 21 (55%) were female, and 22 (58%) 
attended schools allocated to the anthelmintic treat-
ment arm of the trial. Of the dust samples from the 38 
households analyzed, only one house was negative for 
all parasites tested. Positivity rates by PCR for dust sam-
ples were greatest for B. hominis (59/75, 79% samples; 
37/38, 97% households), followed by S. stercoralis (52% 
samples; 74% households), A. lumbricoides (39%; 63%), 
G. lamblia (24%; 39%), Toxocara spp. [T. canis (23%; 
39%); T. cati (4%; 8%); any Toxocara (24%; 42%)], hook-
worm [A. duodenale (9%; 18%); N. americanus (1%; 3%); 
any hookworm (9%; 18%)] and T. trichiura (4%; 8%). No 
samples were positive for Cryptosporidium spp. and E. 
histolytica. Rates of positivity in floor versus mattress 
dust are shown in Fig. 1a: trends of greater rates were 
observed for all parasites in mattress samples and only 
mattress samples were positive for hookworms and 
T. trichiura. There was a trend also of more parasites 
being detected in mattress versus floor samples with up 
to 8 being detected in a single sample (Fig.  1b). Most 
environmental samples were positive for more than 
one parasite. Parasites were detected in children’s stool 
samples by Kato-Katz which is useful only for helminth 
eggs. Although all children in the treatment arm of the 
trial were negative for A. lumbricoides and hookworm 
eggs in stool samples by 12  months of follow-up, par-
asite detection rates in dust samples at this time were 
similar in the two intervention groups for hookworm 
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(19% for no treatment vs 18% for treatment group) 
and were detectable in dust from intervention house-
holds for A. lumbricoides (81 vs 50%, P = 0.049) and T. 
trichiura (13 vs 6%), although at reduced frequencies 
(Table 1). Positivity rates in dust decreased for A. lum-
bricoides and T. trichiura but not hookworm among 
children receiving anthelmintic treatment (curative for 
A. lumbricoides and hookworm) (Table 1). Risk of hav-
ing a positive bed (adjusted OR: 10.0, 95% CI: 2.0–50.1, 
P = 0.005) but not floor (adjusted OR: 3.6, 95% CI: 0.3–
37.9, P = 0.280) dust sample for A. lumbricoides was 
significantly associated with having a child with a posi-
tive stool sample at baseline. Rates of positivity for A. 
lumbricoides in dust samples increased with increasing 
infection intensity (Fig.  2); however, only households 
of children with heavy infection intensities had an ele-
vated risk of a positive floor sample (Fig. 2c), while any 
infection intensity was associated with an increased 
risk of positive bed dust (Fig. 2b). Presence of individ-
ual parasites in dust was strongly correlated (P < 0.05, 
all comparisons) except for Toxocara spp. (data not 
shown). Bed- and floor sample positivity rates for indi-
vidual pathogens did not differ except for A. lumbri-
coides (P = 0.0007).
Discussion
Enteric parasites are transmitted through ingestion or 
skin contact with infectious stages in soil, water and 
food, in a fecally-contaminated environment. Most 
transmission is considered to occur around or within 
households [9, 10]. Here, using a sensitive and spe-
cific molecular method to detect a range of intestinal 
parasites, we show for the first time, a potential new 
source of transmission of these parasites from within 
the household, especially in bed dust. A previous study 
from Peru detected A. lumbricoides and T. trichiura 
eggs microscopically in living room and kitchen floor 
samples and also in air samples [8]. In this study, all 9 
parasites detected were found more frequently in mat-
tress than floor dust samples indicating greater fecal 
contamination of beds. Potential sources of infection 
within households are: (i) living room soil dust is likely 
to be contaminated by feces brought into the house 
from defecation sites on feet or footwear of house-
hold members (community households used outside 
toilets shared by one or more families) or by pets; and 
(ii) mattress dust may be contaminated either by feet/
footwear/pets/clothing or deposition from air or direct 
soiling. The fact that the presence of active infection 
Fig. 1 a Percentage of dust samples positive for each parasite from living room floors (grey bars) and mattresses (black bars). b Percentage of dust 
samples positive for one or more parasites from living room floors (grey) and mattresses (black). Abbreviations: Bh, B. hominis; Ss, S. stercolaris; Al, A. 
lumbricoides; Gl, G. lamblia; Tcn, T. canis; Ad, A. duodenale; Tt, T. trichiura; Tct, T. cati; Na, N. americanus 
Table 1 Detection rates for presence of DNA of hookworms, A. lumbricoides and T. trichiura in dust samples from living room floors 
and mattresses in households of children receiving (Rx) and not receiving (No Rx) periodic anthelmintic treatments. Proportions of 
children with positive fecal samples for the same parasites are shown also at the time of dust sampling (i.e. at 12 months)
Parasite Mattress (%) Floor (%) All dust (%) All dust Positive stool at 12 months
(n = 38) (n = 37) (n = 38) No Rx (n = 16) Rx (n = 22) No Rx (n = 14) Rx (n = 17)
Hookworms 18 0 18 19 18 7 0
A. lumbricoides 58 19 63 81 50 43 0
T. trichiura 8 0 8 13 6 43 6
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with A. lumbricoides was strongly associated with the 
presence of A. lumbricoides DNA in bed dust (Fig. 2b), 
independent of positivity in floor dust, implies direct 
soiling of bedding may be important. Bed dust posi-
tivity for A. lumbricoides was reduced but not negli-
gible among children receiving periodic albendazole, 
suggesting that parasite eggs or DNA may persist for 
long periods in bedding. Finding soil-transmitted hel-
minth (STH) DNA (or eggs) does not necessarily imply 
the occurrence of transmission, as a period of further 
development is generally required outside the host 
(except for rhabditiform larvae of S. stercoralis). How-
ever, poor bed hygiene, and sharing of beds (a universal 
practice in this setting) in warm and humid conditions 
could provide a suitable environment for the develop-
ment of STH eggs or larvae (as well as of Toxocara spp.) 
to infectious forms, raising the possibility of transmis-
sion through contaminated beds. The high prevalence 
of S. stercoralis infection raises the possibility of the 
sexual stage of the life-cycle occurring in beds. Most 
protozoan cysts (e.g. B. hominis) are probably directly 
infectious and could immediately re-infect the host or 
infect other household members when sharing beds. 
Dogs and cats, generally free to roam around the 
houses, could directly contaminate beds, e.g. Toxocara 
spp. eggs are frequently present in pet fur [17]. The lack 
of correlation between presence of Toxocara spp. and 
other enteric parasitic infections may indicate a dis-
tinct source of contamination (i.e. direct contamination 
of beds by pets). This study, from a rural population in 
tropical Ecuador, provides evidence of almost univer-
sal fecal contamination of household dust samples with 
enteric parasites including bed dust samples and raises 
the possibility that, in such settings of poverty and 
overcrowding, beds may provide a focus for the trans-
mission of enteric parasites. Because dust samples were 
stored frozen, it is not clear if the parasites are viable. 
During the isolation of parasite stages for subsequent 
DNA extraction prior to qPCR, we used a 3.0 µm mem-
brane to filter out free DNA and retain eggs and larvae 
that were separated from organic material in a hyper-
tonic solution. Future studies should sample bed dust 
for the presence and viability of infectious stages of 
STH and other enteric parasites and determine if regu-
lar cleaning or even the chemical treatment of bed mat-
tresses might reduce transmission.
Conclusions
To the best of our knowledge, this is the first study to 
detect enteric parasites in environmental samples using 
sensitive molecular methods and shows a high level of 
contamination of dust samples from bed and living room 
floors with parasite DNA in rural communities in Ecua-
dor. The high levels of contamination of bed dust with 
parasite DNA that persisted for A. lumbricoides after 
curative treatment raises the possibility that under suit-
able permissive conditions, bedding may be a source of 
transmission for enteric parasites.
Fig. 2 Bar graph showing the percentage of household (all) (a), bed (b), and living room floor (c) dust samples that were positive for A. lumbricoides 
DNA stratified by A. lumbricoides infection intensity in children’s fecal samples. Sample numbers for each group are shown (n). Intensity groups are 
those of the WHO (1987) [11]: light, < 5000 eggs per gram (epg); moderate. 5000–50,000 epg; and heavy, > 50,000 epg. Percent positivity for each 
infection intensity group is shown at the head of each bar
Page 5 of 5Mejia et al. Parasites Vectors          (2020) 13:141  
Acknowledgments
We wish to thank all children and parents who participated in this study.
Authors’ contributions
RM and PJC conceived the study. RM, VSH, DGR, EC and AL performed the 
sample analyses. PJC, VSH and RM wrote the initial draft of the manuscript. All 
authors read and approved the final manuscript.
Funding
The study was supported in part by the Wellcome Trust (060120/Z/99/C to 
PJC), Universidad Internacional del Ecuador (UIDE‑2017 to VSH), Quito, Ecua‑
dor, and U.S. Department of Health and Human Services, Baylor College of 
Medicine Center of Excellence in Health Equity, Training and Research (Grant 
No. D34HP31024 to RM).
Availability of data and materials
Data are available upon request.
Ethics approval and consent to participate
Informed written consent to participate in the study was obtained by a parent 
of each child. The protocol was approved by the Ethics Committees of the 
Hospital Pedro Vicente Maldonado, Pichincha Province Ecuador, Ecuador, and 
St George’s University of London, UK.
Consent for publication
Not applicable.
Competing interests
RM has received grant support from Romark Laboratiories. VSH, DGR, EC, AL 
and PJC declare that they have no competing interests.
Author details
1 National School of Tropical Medicine, Baylor College of Medicine, Texas, USA. 
2 School of Medicine, Universidad Internacional del Ecuador, Quito, Ecuador. 
3 Institute of Infection and Immunity, St George’s University of London, 
London, UK. 
Received: 16 September 2019   Accepted: 10 March 2020
References
 1. Jourdan PM, Lamberton PHL, Fenwick A, Addiss DG. Soil‑transmitted 
helminth infections. Lancet. 2018;391:252–65.
 2. Rostami A, Ebrahimi M, Mehravar S, Fallah Omrani V, Fallahi S, Behniafar 
H. Contamination of commonly consumed raw vegetables with soil 
transmitted helminth eggs in Mazandaran province, northern Iran. Int J 
Food Microbiol. 2016;225:54–8.
 3. Ribas A, Jollivet C, Morand S, Thongmalayvong B, Somphavong S, 
Siew CC, et al. Intestinal parasitic infections and environmental water 
contamination in a rural village of northern Lao PDR. Korean J Parasitol. 
2017;55:523–32.
 4. Tabi ESB, Eyong EM, Akum EA, Love J, Cumber SN. Soil‑transmitted 
helminth infection in the Tiko Health District, south west region of 
Cameroon: a post‑intervention survey on prevalence and intensity of 
infection among primary school children. Pan Afr Med J. 2018;30:74.
 5. Vaz Nery S, Pickering AJ, Abate E, Asmare A, Barrett L, Benjamin‑Chung J, 
et al. The role of water, sanitation and hygiene interventions in reducing 
soil‑transmitted helminths: interpreting the evidence and identifying 
next steps. Parasit Vectors. 2019;12:273.
 6. Chongsuvivatwong V, Uga S, Nagnaen W. Soil contamination and infec‑
tions by soil‑transmitted helminths in an endemic village in southern 
Thailand. Southeast Asian J Trop Med Public Health. 1999;30:64–7.
 7. Trönnberg L, Hawksworth D, Hansen A, Archer C, Stenström TA. 
Household‑based prevalence of helminths and parasitic protozoa in rural 
KwaZulu‑Natal, South Africa, assessed from faecal vault sampling. Trans R 
Soc Trop Med Hyg. 2010;104:646–52.
 8. Kroeger A, Schulz S, Witte B, Skewes‑Ramm R, Etzler A. Helminthia‑
sis and cultural change in the Peruvian rainforest. J Trop Med Hyg. 
1992;95:104–13.
 9. Steinbaum L, Njenga SM, Kihara J, Boehm AB, Davis J, Null C, et al. Soil‑
transmitted helminth eggs are present in soil at multiple locations within 
households in rural Kenya. PLoS ONE. 2016;11:e0157780.
 10. Steinbaum L, Kwong LH, Ercumen A, Negash MS, Lovely AJ, Njenga SM, 
et al. Detecting and enumerating soil‑transmitted helminth eggs in soil: 
new method development and results from field testing in Kenya and 
Bangladesh. PLoS Negl Trop Dis. 2017;11:e0005522.
 11. Cooper PJ, Chico ME, Vaca MG, Moncayo A, Bland JM, Mafla E, et al. Effect 
of albendazole treatments on the prevalence of atopy in children living in 
communities endemic for geohelminth parasites: a cluster‑randomised 
trial. Lancet. 2006;367:1598–603.
 12. Mejia R, Vicuna Y, Broncano N, Sandoval C, Vaca M, Chico M, et al. A novel, 
multi‑parallel, real‑time polymerase chain reaction approach for eight 
gastrointestinal parasites provides improved diagnostic capabilities to 
resource‑limited at‑risk populations. Am J Trop Med Hyg. 2013;88:1041–7.
 13. Durant JF, Irenge LM, Fogt‑Wyrwas R, Dumont C, Doucet JP, Mignon 
B, et al. Duplex quantitative real‑time PCR assay for the detection and 
discrimination of the eggs of Toxocara canis and Toxocara cati (Nematoda, 
Ascaridoidea) in soil and fecal samples. Parasit Vectors. 2012;5:288.
 14. Poirier P, Wawrzyniak I, Albert A, El Alaoui H, Delbac F, Livrelli V. Develop‑
ment and evaluation of a real‑time PCR assay for detection and quan‑
tification of Blastocystis parasites in human stool samples: prospective 
study of patients with hematological malignancies. J Clin Microbiol. 
2011;49:975–83.
 15. Roberts T, Stark D, Harkness J, Ellis J. Update on the pathogenic potential 
and treatment options for Blastocystis sp. Gut Pathog. 2014;6:1–17.
 16. Ramírez JD, Sánchez A, Hernández C, Flórez C, Bernal MC, Giraldo JC, 
et al. Geographic distribution of human Blastocystis subtypes in South 
America. Infect Genet Evol. 2016;41:32–5.
 17. Roddie G, Stafford P, Holland C, Wolfe A. Contamination of dog hair with 
eggs of Toxocara canis. Vet Parasitol. 2008;152:85–93.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.
